Superconductivity in crystals without inversion symmetry has received extensive attention due to its unconventional pairing and possible nontrivial topological properties. Using first-principles calculations, we systemically study the electronic structure of noncentrosymmetric superconductors A 2 Cr 3 As 3 (A=Na, K, Rb and Cs). Topologically protected triply degenerate points connected by one-dimensional arcs appear along the C 3 axis, coexisting with strong ferromagnetic (FM) fluctuations in the non-superconducting state. Within random phase approximation, our calculations show that strong enhancements of spin fluctuations are present in K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 , and are substantially reduced in Na 2 Cr 3 As 3 and Cs 2 Cr 3 As 3 . Symmetry analysis of spin-orbit coupling g k suggests that the arc surface states might remain stable in the superconducting state, giving rise to possible nontrivial topological properties. *
I. INTRODUCTION
Materials with nontrivial topological properties have been extensively studied over the last two decades. Initially, comprehensive attentions are paid to topological insulators (TIs) [1] [2] [3] , which have an insulating gap in the bulk and metallic surface states on the boundary.
Fully gapped superconductors with the topological protected gapless surface mode, a close analogy with TI, are regarded as promising candidates for hosting Majorana fermions. Since the discovery of Weyl, Dirac, nodal line semimetals and triply degenerate points topological metals [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , these gapless systems can possess novel topology as well. Simultaneously, it is also possible for superconductors with nodes (e.g., CePt 3 Si, UPt 3 ) to have topologically protected edge states, which are guaranteed by momentum dependent topological numbers [15] [16] [17] . Among these exotic superconductors, nodal noncentrosymmetric superconductors (NSC) with topological stable nodes have fascinating properties, i.e. the zero-energy boundary modes [18, 19] . These zero-energy boundary modes are believed to be closely associated with the nodal gap structure via the so-called bulk-boundary correspondence [20] .
The Cr-based arsenides A 2 Cr 3 As 3 (A=Na, K, Rb and Cs) are of great interest in terms of low dimensionality, strong ferromagnetic (FM) fluctuations and noncentrosymmetric superconductivity. Their nodal, unconventional superconductivity was suggested by London penetration depth, NMR, µSR and specific-heat measurements [21] [22] [23] [24] [25] [26] [27] [28] . Besides, spin-orbit coupling (SOC) has a remarkable effect on β and γ bands in K 2 Cr 3 As 3 with a band spinsplitting much larger than the superconducting gap [29] . The coalescence of considerable SOC effect and strong FM fluctuations in A 2 Cr 3 As 3 NSCs is crucial to the superconducting pairing symmetry, leading to a predominant spin-triplet component, which is distinguished from the pairing in the isotropic channel of an usual s-wave superconductor. More recently, NMR experiments on A 2 Cr 3 As 3 suggest that the compounds in this family are possibly a solid-state analog of superfluid 3 He, implying that the unconventional superconductor A 2 Cr 3 As 3 may host nontrivial topological properties [30] . In addition, the NMR measurements of Cs 2 Cr 3 As 3 were distinct from that of K 2 Cr 3 As 3 (Rb 2 Cr 3 As 3 ), which displayed suppression of FM fluctuations in the former [31] . Therefore, a systematic study of the SOC effect, the topological properties as well as the FM fluctuations, and a thorough comparison among the family is in need.
In this article, we report our latest first-principles results on the A 
II. ELECTRONIC STRUCTURE AND TOPOLOGICAL PROPERTIES
The crystal structure and Brillouin zone of K 2 Cr 3 As 3 are illustrated in Fig. 1 (a-b) .
For compounds of this family, each primitive unit cell consists of [(Cr 6 As 6 )] ∞ sub-nanotube along the c axis forming a quasi-one-dimensional (Q1D) structure. As opposed to Despite this systematic structural variation, the band structures ( Fig. 2 (a-d) ) of A 2 Cr 3 As 3 around the Fermi level resemble each other and do not exhibit apparent change except for Cs 2 Cr 3 As 3 . In the absence of SOC, the α and β bands cross the Fermi level along Γ-A, forming two Q1D FSs. In contrast, the γ band forms one three-dimensional (3D) FS around the Γ point ( Fig. 3 (a-c) ) for Na 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 , similar to K 2 Cr 3 As 3 [29, 36] . For Cs 2 Cr 3 As 3 , it is worth noting that the γ band is dispersionless in the k z = 0 plane. As a result, this band forms one deformed Q1D FS. Additionally, a fourth band (γ ′ )
around the Γ point emerges, creating a new 3D FS ( Fig. 3 (d) ). Once the SOC effect is included, for all members in this family, the β and γ bands further split due to the ASOC effect.
Remarkably, the compounds of A 2 Cr 3 As 3 host TPs along Γ-A. In particular, the TPs (Fig. 4(a) ) as well as α and β in K 2 Cr 3 As 3 (see Supplementary Fig. S1 (b)), and these TPs are protected by the C 3v symmetry. We compare the band structures of . We also performed calculations using the modified Becke-Johnson (mBJ) potentials [38] , and obtained results similar to that of PBE for Na 2 Cr 3 As 3 (For details, see Methods below). In K 2 Cr 3 As 3 , however, the Λ 6 state near ǫ F , which is lower than the Λ 4 + Λ 5 mixed state in PBE calculations, is now elevated higher around Γ points, leading to extra band inversions between β and γ band and hence two new TPs (located at ǫ F +90 meV and ǫ F -22 meV), as shown in Fig. 4 
(d). Figure 4(b-c)
and (e-f) show the surface states in Na 2 Cr 3 As 3 (PBE results) and K 2 Cr 3 As 3 (mBJ results), respectively. For both of these two compounds, two surface states, SS 1 and SS 2 , emerge from two TPs (TP 1 and TP 2 ) near the Γ point, respectively, while the surface states from the TPs (TP 3 and TP 4 in Na 2 Cr 3 As 3 , TP 3 in K 2 Cr 3 As 3 ) away from Γ point are mixed with surrounding bulk states and cannot be easily distinguished. The iso-energy surface states at TP 1 in Na 2 Cr 3 As 3 ( ǫ F + 8meV) and K 2 Cr 3 As 3 (ǫ F + 90meV) are shown in Fig. 4 (c) and (f). Akin to ZrTe family of compounds, the TPs (TP 1 in Na 2 Cr 3 As 3 and K 2 Cr 3 As 3 ) marked as blue ( 
III. SPIN FLUCTUATIONS AND MULTIORBITAL SUSCEPTIBILITIES
The imaginary part of the bare electron susceptibility χ 0 of K 2 Cr 3 As 3 exhibited strong a peak at the Γ point [29] . In order to investigate the variation of electron susceptibility, we also calculate susceptibility χ 0 using the Lindhard response function for all compounds of this family. As shown in Fig. 5(a-b) , the bare susceptibilities of Na 2 Cr 3 As 3 , Rb 2 Cr 3 As 3 and Cs 2 Cr 3 As 3 resemble that of K 2 Cr 3 As 3 . Specifically, the real part χ ′ 0 is relatively featureless, while the imaginary part χ ′′ 0 is dominated by a resonance peak at the Γ point. As reported in previous NMR studies [23, 24, 31] , there were clear differences in the Knight shift and NMR relaxation rate (1/T 1 T ) of K 2 Cr 3 As 3 (Rb 2 Cr 3 As 3 ) and Cs 2 Cr 3 As 3 , implying that the spin susceptibility of K 2 Cr 3 As 3 (Rb 2 Cr 3 As 3 ) strikingly differs from that of Cs 2 Cr 3 As 3 . Therefore, electron-electron interactions must be taken into consideration to explain the aforementioned NMR experiments. We calculate both spin and charge susceptibilities within random phase approximation (RPA) with intra-orbital Coulomb (U), Naively, using the simplest approximation, the enhancement of the imaginary part χ ′′ can be [39, 40] , where U is the Stoner factor. Applying this approximation, the imaginary part χ ′′ of K 2 Cr 3 As 3 is also expected to be strongly enhanced at the Γ point when 1 − Uχ ′ 0 (q, ω) approaches zero. The scattering peak of χ ′ in Rb 2 Cr 3 As 3 still locates at the Γ point but is lower and broader compared to K 2 Cr 3 As 3 . In the case of Cs 2 Cr 3 As 3 (Na 2 Cr 3 As 3 ), in contrast, only a broadened and plateau-like structure can be found around the M(π, 0, 0) and K( π, 0) points. Interestingly, there exists another broad hump around Q * = (0, 0, 0.6π) in Cs 2 Cr 3 As 3 , which is possibly due to intraband scattering within the γ band. Similar to previous report in iron-based superconductor
LaOFeAs [41] , such a broad hump might be related to spin-density-wave (SDW) fluctuations.
In K 2 Cr 3 As 3 (Rb 2 Cr 3 As 3 ), the SDW hump at Q * also exists but not apparent, mostly due to the large peak located at q(0, 0, 0). It is worth noting that the strong peak of χ ′ at the Γ point of K 2 Cr 3 As 3 (Rb 2 Cr 3 As 3 ) is robust against the Hund's coupling (J). It will also be present even if the Hund's coupling is completely turned off (J = 0). In addition, the spin susceptibility appears to be insensitive to either the inter-orbital Coulomb repulsion (U ′ ) or the pair-hopping interaction (J ′ ).
Considering the striking difference in χ ′ s between K 2 Cr 3 As 3 and Cs 2 Cr 3 As 3 , we analyze the dynamic spin susceptibility of these two compounds at the Γ, M and Q * point as shown in Fig. 6(a-b) . The spin susceptibility exhibits a larger enhancement at the Γ point in K 2 Cr 3 As 3 , while in Cs 2 Cr 3 As 3 the spin susceptibility seems to be more enhanced at a finite q. For all members in this family, we further compare the enhancement of spin susceptibility χ ′ s and χ ′′ s at q=(0,0,0) in Fig. 6(c-d) . The results show that the enhancement is most significant in K 2 Cr 3 As 3 , followed by Rb 2 Cr 3 As 3 and Cs 2 Cr 3 As 3 . Such a systematic trend can also be found in the temperature dependent spin susceptibility enhancement ( Fig. 7(ab) ). Note that the enhancement of χ ′′ is always larger than that of χ ′ for both the T -and U-dependent spin susceptibilities, indicating that the system is away from an FM ordered state.
Intriguingly, if we assume that the NMR relaxation rate 1/T 1 T [69] is dominated by the imaginary part of the spin susceptibility at q = 0 (or the so-called long wavelength approximation [42, 43] ), the calculated 1/T 1 T for K 2 Cr 3 As 3 ( Fig. 7(c) ) is qualitatively similar to the NMR experiments of K 2 Cr 3 As 3 (Rb 2 Cr 3 As 3 ) [23, 24] , although such a Curie-Weiss-like temperature dependence is more accurate within a self-consistent renormalization (SCR)
theory [44] . Nevertheless, in contrast to K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 , the enhancement of the spin susceptibility in Cs 2 Cr 3 As 3 ( Fig. 7(a-b) ) exhibits a weak temperature dependence. This implies that the large enhancement of the spin susceptibility at the Γ point is substantially suppressed in Cs 
With an extra parity-breaking term g k · σ, the mixture of singlet and triplet pairing is allowed and the order parameter takes the general form ∆(k) = Ψ k σ 0 +d k ·σ , where
The triplet pairing state can be stable as long as d k is parallel to g k [57] . Considering the large 3D FS around the Γ point in K 2 Cr 3 As 3 (Rb 2 Cr 3 As 3 ), the [58] , where β 1 and β 2 are linear combination coefficients. Moreover, the ASOC splitting around K( 2 3 π, 2 3 π, 0) is roughly 60 meV [29] , while at M(π, 0, 0) it is nearly negligible (Fig. 2 (f-g) ). Therefore the ASOC splitting should be dominated by the β 2 term, i.e., g k = k x (k In summary, we have performed first-principles calculations on A 2 Cr 3 As 3 (A=Na, K, Rb and Cs) and analyzed the systematic variations of electronic structures, FSs, topological properties and magnetic spin susceptibilities of the compounds in this family. Using the surface Green's function method we calculate the (010) surface state and find the TPs in Na 2 Cr 3 As 3 and K 2 Cr 3 As 3 are connected by double 1D Fermi arcs. To explore the behavior of magnetic spin response, charge and spin susceptibility are obtained by employing RPA calculations. We demonstrate that the strong enhancement of spin fluctuations is present at the Γ point in K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 , while in Cs 2 Cr 3 As 3 and Na 2 Cr 3 As 3 , the FM spin fluctuations are not apparently enhanced. In principle, the coexistence of nontrivial topological properties and strong FM fluctuations in the compounds of this family suggests that A 2 Cr 3 As 3 might be a possible candidate of topological superconductor.
Note added. During the preparation of our manuscript, we became aware of a recent paper [59] . In addition to the scenario we discussed here, they have proposed that triplet p z -pairing can also be topological superconductors with weak SOC.
Methods
The calculations were carried out using density functional theory (DFT) as implemented in the Vienna Abinitio Simulation Package (VASP) [60, 61] . The Perdew, Burke and Ernzerhoff parameterization (PBE) of generalized gradient approximation (GGA) to the exhange correlation functional was employed [62] . The energy cutoff of the plane-wave basis was up to 450 eV, and 6×6×12 Γ-centered Monkhorst-Pack [63] k-point mesh was chosen to ensure that the total energy converges to 1 meV/cell. We also performed a comparison with the modified BeckeJohnson exchange potentials (mBJ) [38] for Na 2 Cr 3 As 3 and K 2 Cr 3 As 3 .
The calculations of K 2 Cr 3 As 3 , Rb 2 Cr 3 As 3 and Cs 2 Cr 3 As 3 were performed with experimental crystal structure. For Na 2 Cr 3 As 3 , we only employed the lattice constant from experiment, while the atomic positions are fully relaxed with dynamical mean-field theory (DMFT) at 300K [64, 65] . 
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